




WE 331/4 - Biofizik Sinaran
Masa : 3 jam
Sila pastikan bahawa kertas peperiksaan ini mengandungi SEMBILAN muka surat yang
bereetak sebelum anda memulakan peperiksaan ini .
Jawab EMPAT soalan sahaja. Kesemuanya wajib dijawab dalam Bahasa Malaysia.
(i)
	




1 . (a) Bincangkan proses-proses reputan melalui :
(i) pancaran R+
(ii) tawanan elektron .
(20/100)
(b) Bincangkan secara ringkas keseimbangan sekular dan keadaan tiada
keseimbangan. Lakarkan gambarajah aktiviti dengan masa bagi nukleus
induk dan nukleus anak bagi setiap kes .
(30/100)
(c) Suatu sumber radium mengandungi 50 mg 288Ra dan masa setengah
hayatnya t1,2 =1602 tahun.
(i) Hitungkan pemalar reputan bagi 2288 Ra
(ii) Hitungkan nilai purata hayat
(iii) Berapakah bilangan atom 88
226Ra yang terkandung dalam sumber?
(iv) Hitungkan masa tm untuk anak nukleus 8262Rn menjadi maksimum
(ti/2 = 3.82 hari) . Anggapkan pada masa t = 0, aktiviti anak
nukleusnya sifar .
(v) Hitungkan aktiviti dan bilangan atom 86222Rn pada masa tm.
(50/100)
2. (a) Bincangkan secara ringkas proses fotoelektrik, Compton dan penghasilan
pasangan .
(20/100)
(b) Nyatakan jenis saling tindakan yang berlaku antara foton yang bertenaga 1
MeV dengan jirim karbon . Berikan kepentingan relatif bagi setiap saling
tindakan itu .
(20/100)
(c) Hitungkan tenaga purata yang dipindahkan pada karbon jika fluens
fotonnya 106 cm" dan ketebalan karbonnya 10"2 gcm2 .
(30/100)
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Nyatakan ciri-ciri berkaitan dengan tenaga sinar gama.
ppb = 11 .3 gcm 3
Berat atom plumbum = 207.21 .
cangkan perbezaan di antara kerma dan dos serapan. (20/100
cangkan kepentingan seimbangan zarah bercas (CPE) dalam
gukuran dedahan.
atakan anggapan-anggapan yang digunakan dalam teorem Bragg-Gray.
(20/100)
ens foton pada suatu titik P ialah 101° foton m-2 . Tenaga fotonnya
eV.
Hitungkan tenaga fluens, dedahan dan dos serapan dalam udara
pada titik P.
Hitungkan bilangan pasangan ion yang dihasilkan jika dedahan itu
dibaca dari kebuk pengionan (ion chamber) yang mengandungi 0.6
cc udara.
[pudara = 1 .293 kgm3 pada STP]




Katakan dosimeter memenuhi syarat Bragg-Gray, hitungkan dos
dalam dinding yang dibina dari Teflon
e = 1 .602 x 10"19 C
(20/100)
(40/100)
dingkan pengesan semikonduktor Ge(Li) dengan pengesan NaI(Ti)
(20/100)
akan 4 MeV sinar 7 melalui pengesan NaI(U) . Lakarkan spektrum
differensial yang didapati. Berikan nama yang sepadan dengan setiap
puncak dan jelaskan proses-proses berkenaan dengan setiap puncak.
Hitungkan tenga yang berkaitan dengan puncak itu.
(40/100)








4 . (a) Ba
(b) Ka
5O Cr+on --> 51 Cr + y
a = 13.5 barn





Suatu sampel mengandungi suatu kuantiti kromium. Sampel itu disinari
dengan fluks neutron terma 1011 n/cm2/saat untuk satu minggu . 51Cr yang
dihasilkan memancarkan sinar y yang bertenaga 0.323 MeV dan setengah
hayatnya 27.8 hari. Kebarangkalian bagi pemancarannya ialah 0.098 .
Suatu pembilang yang kecekapannya 10% mengesan 600 bilangan per
minit bagi sinar y itu . Hitungkan jisim kromium yang wujud di dalam
sampel asal.
50Cr hanya membentuk 4.31% daripada kromium asli yang wujud di
bumi.
(40/100)
5 . (a) Bincangkan kesan `tindakbalas terus' dan kesan `tindakbalas bukan terus'
dalam sel maut.
(20/100)
Huraikan dengan teliti bagaimana suatu lengkung penghidupan bagi sel
mammalia (mammalian cell survival curve) didapati merujuk pada dos
sinaran . Label semua parameter yang penting dalam lengkung itu .
(30/100)
(c) Bagi dos serapan 200 cGy, nisbah penghidupan bagi sel untuk sinar y dan
zarah a masing-masing adalah 0.1 dan 0.001 . Mengapakah nisbah
penghidupannya berbeza walaupun dos serapannya sama? Terangkan.
(25/100)
(d) Huraikan kesan-kesan yang manusia boleh dapat dari sinaran dos rendah .
Nyatakan langkah-langkah yang dilakukan untuk mengurangkan dos dari
luar dan dalam bagi pekerja sinaran.
(25/100)
1 kg = 5 .6095 X 1029 MeV
1 amu = 931 .50 MeV
Electron rest mass = 0.51100 MeV
Proton rest mass = 938 .26 MeV
Neutron rest mass = 939 .55 MeV
1 electron volt (eV) = 1 .6022 X 10- '9 J
= 1 .6022 X 10-12 erg
1 joule (J) = 107 erg
1 coulomb (C) = 2 .9979 X 109 esu
1 gray (Gy) = 1 J/kg = 102 rad = 104 erg/g
1 sievert (Sv) = 1 J/kg
Energy-wavelength conversion :
Exposure conversion :
1 . 23985 X 10 -6 eV m
0
12.3985 keV A
1 roentgen (R) = 2 .58 X 10-4 C/kg
1 C/kg = 3876 R
6Carbon, Z = 6
Multiply data by 0.05014 to get cm2/6

















1 .00 -02 6.11 +00 3.84 +00 3.93 +01 - - 4.54 +01 4.31 +01
1 .50 -02 5.06 +00 3.77 +00 1.06 +01 - - 1 .57 +01 1 .44 +01
2.00 -02 4.53 +00 3.71+ 00 4.01 +00 - - 8.54 +00 7.72 +00
3.00 -02 4.00 +00 3.58 +00 9.99 -01 - - 5.00 +00 4.58 +00
4.00 -02 3.73 +00 3.47 +00 3 .79 -01 - - 4.10 +00 3 .85 +00
5.00 -02 3 .54 +00 3.37 +00 1.93 -01 - - 3.73 +00 3.56 +00
6.00 -02 3.39 +00 3.27 +00 1.15 -01 - - 3.51 +00 3 .39 +00
8.00 -02 3.17 +00 3.10 +00 4.50 -02 - - 3.21 +00 3 .15 +00
1 .00 -01 3.00 +00 2.96 +00 2.16 -02 - - 3.02 +00 2.98 +00
1 .50 -01 2.69 +00 2.66 +00 5.75 -03 - - 2.69 +00 2 .67 +00
2.00 -01 2.45 +00 2.44+00 2.29 -03 - - 2.45 +00 2 .44 +00
3.00 -01 2.13 +00 2.12+00 6.46 -04 - - 2.13 +00 2 .12 +00
4.00 -01 1 .90 +00 1.90 +00 2.77 -04 - - 1 .91 +00 . 1 .90 +00
5.00 -01 1 .74 +00 1.49 -04 - - 1 .74 +00
6.00 -01 1 .61 +00 9.27 -05 - - 1 .61 +00
8.00 -01 1 .41 +00 4.68 -05 - - 1 .41 +00
1.00 +00 1 .27 +00 2.89 -05 r- - 1.27 +00
1 .50 +00 1.03 +00 1 .35 -05 1 .60 -03 ' - 1.03 +00
2.00 +00 8.79 -01 8.61 -06 6.40 -03 - 8 .86 -01
3 .00 +00 6.92 -01 4.82 -06 1 .84 -02 2.41 -04 7 .11 -01
4.00 +00 5 .77 -01 3.29 -06 2.98 -02 9.91 -04 6.08 -01
5.00 +00 4.98 -01 2.52 -06 4.00 -02 1.95 :03 5 .40 -01
6.00 +00 4.40 -01 2.01 -06 4.90 -02 3 .00 -03 4.93 -01
8.00 +00 3.60-01 1 .44-06 6.42 -02 5.12 -03 4.30 -01
1 .00 +01 3.07 -01 1 .12 -06 7.66 -02 7.01 -03 3.90 -01
1 .50 +01 2.27 -01 - 1 .00 -01 1 .09 -02 3.38 -01
2.00 +01 1.82 -01 - 1 .17 -01 1 .40 -02 3.14 -01
3 .00 +01 1 .33 -01 - 1 .41 -01 1 .87 -02 2.93 -01
4.00 +01 1 .05 -01 - 1 .58 -01 2.21 -02 2.86 -01
5.00 +01 8.80 -02 - 1 .71 -01 2.48 -02 2.84 -01
6.00 +01 7.59 -02 - 1 .81 -01 2.71 -02 2 .84 -01
8 .00 +01 5.98 -02 - 1 .96 -01 3.06 -02 2 .86 -01
1 .00 +02 4.97 -02 - 2.07 -01 .3.31 -02 2.90 -01
Air (Dry)












0 .0100 1 .975E+01 3 .897E-03 1 .976£+01 2 .883£-04 1 .082E-04 0 .0
0 .0125 1 .663E+01 3 .921E-03 1 .663E+01 4 .269E-04 1 .299E-04 0 .0
0 .0150 1 .445E+01 3 .937E-03 1 .445E+01 5 .886£-04 1 .506£-04 0 .0
0 .0175 1 .283E+01 3 .946E-03 1 .283E+01 7 .726E-04 1 .706E-04 0 .0
0 .0200 1 .157E+01 3 .954£-03 1 .158E+01 9 .781£-04 1 .898E-04 0 .0
0 .0250 9 .753E+00 3 .966£-03 9 .757E+00 1 .451E-03 2 .267E-04 0 .0
0 .0300 8 .492E+00 3 .976E-03 8 .496E+00 2 .001E-03 2 .618£-04 0 .0
0 .0350 7 .563E+00 3 .986E-03 7 .567£+00 2 .626E-03 2 .955E-04 0 .0
0 .0400 6 .848E+00 3 .998£-03 6 .852E+00 3 .322E-03 3 .280£-04 0 .0
0 .0450 6 .281E+00 4 .011E-03 6 .285E+00 4 .085E-03 3 .594£-04 0 .0
0 .0500 5 .819E+00 4 .025£-03 5 .823E+00 4 .912£-03 3 .900£-04 0 .0
0 .0550 5 .435E+00 4 .040E-03 5 .439E+00 5 .801£-03 4 .197E-04 0 .0
0 .0600 5 .111E+00 4 .057E-03 5 .115E+00 6 .750£-03 4 .488E-04 .0 .0
0 .0700 4 .593E+00 4 .093£-03 4 .597E+00 8 .817£-03 5 .049£-04 0 .0
0 .0800 4 .198E+00 4 .133E-O AT 4 .202E+00 1 .110E-02 5 .590£-04 0 .0
0 .0900 3 .886E+00 4 .175E-03 3 .890E+00 1 .357E-02 6 .112E-04 0 .0
0 .1000 3 .633E+00 4 .222E-03 3 .637E+00 1 .623£-02 6 .618£-04 0 .0
0 .1250 3 .172E+00 4 .348E-03 3 .177E+00 2 .362E-02 7 .826E-04 0 .0
0 .1500 2..861E+00 4 .485E-03 2 .865E+00 3 .193£-02 8 .968E-04 0 .0
0 .1750 2 .637E+00 4 .633E-03 2 .642E+00 4 .103E-02 1 .006E-03 0 .0
0 .2000 2 .470E+00 4 .789£-03 2 .474E+00 5 .082E-02 1 .111£-03 0 .0
0 .2500 2 .236E+00 5 .126E-03 2 .242E+00 7 .212E-02 1 .311£-03 0 .0
0 .3000 2 .084E+00 5 .495£-03 2 .089E+00 9 .527E-02 1 .502£-03 0 .0
0 .3500 1 .978E+00 5 .890E-03 1 .984E+00 1 .199£-01 1 .688£-03 0 .0
0 .4000 1 .902E+00 6 .311E-03 1 .908E+00 1 .456E-01 1 .869£-03 0 .0
0 .4500 1 .845E+00 6 .757£-03 1 .852E+00 1 .722E-01 2 .048E-03 0 .0
0 .5000 1 .802£+00 7 .223£-03 1 .809E+00 1 .995£-01 2 .225£-03 0 .0
0 .5500 1 .769E+00 7 .708E-03 1 .776E+00 2 .274£-01 2 .401£-03 0 .0
0 .6000 1 .743£+00 8 .210E-03 1 .751E+00 2 .558£-01 2 .577E-03 0 .0
0 .7000 1 .706E+00 9 .258£-03 1 .715E+00 3 .135£-01 2 .929£-03 0 .0
9 .8000 1 .683E+00 1 .036E-02 1 .694E+00 3 .722E-01 3 .283£-03 0 .0
0 .9000 1 .66'9£+00 1 .151E-02 1 .681E+00 4 .315E-01 3 .638£-03 0 .0
1 .0000 1 .661E+00 1 .271E-02 1 .674E+00 4 .912£-01 3 .997£-03 0 .0
1 .2500 1 .655E+00 1 .588£-02 1 .671E+00 6 .408£-01 4 .906£-03 0 .0
1 .5000 1 .661E+00 1 .927E-02 1 .680E+00 7 .900E-01 5 .836E-03 0 .0
1 .7500 1 .672E+00 2 .284E-02 1 .694E+00 9 .382£-01 6 .784£-03 0 .0
2 .0000 1 .684E+00 2 .656E-02 1 .711E+00 1 .085E+00 7 .748E-03 0 .0
2 .5000 1 .712E+00 3 .437£-02 1 .747E+00 1 .374£+00 9 .716£-03 0 .0
3 .0000 1 .740E+00 4 .260£-02 1 .783E+00 1 .658E+00 1 .173E-02 0 .0
5 .5000 1 .766E+00 5 .115E-02 1 .817E+00 1 .935£+00 1 .377E-02 0 .0
4 .0000 1 .790E+00 5 .999£-02 1 .850E+00 2 .208E+00 1 .583£-02 0 .0
4 .5000 1 .812E+00 6 .908£-02 1 .882E+00 2 .476E+00 1 .792£-02 0 .0
5 .0000 1 .833E+00 7 .838£-02 1 .911E+00 2 .740E+00 2 .001£-02 0 .0
5 .5000 1 .852£+00 8 .787£-02 1 .940E+00 2 .999E+00 2 .211£-02 0 .0
5 .0000 1 .870E+00 9 .754£-02 1 .968E+00 3 .255E+00 2 .422£-02 0 .0
7 .0000 1 .902E+00 1 .173E-01 2.020E+00 3 .757E+00 2 .845£-02 0 .0
8 .0000 1 .931E+00 1 .376£-01 2 .068E+00 4 .246E+00 3 .269£-02 0 .0
9 .0000 1 .956E+00 1 .584E-01 2 .115E+00 4 .724E+00 3 .692£-02 0 .0
10 .0000 1 .979E+00 1 .795E-01 2 .159E+00 5 .192E+00 4 .113E-02 0 .0
12 .5000 2 .029E+00 2 .337E-01 2 .262E+00 6 .323E+00 5 .156E-02 0 .0
15 .0000 2 .069E+00 2 .895E-01 2 .359E+00 7 .405E+00 6 .181E-02 0 .0
17 .5000 2 .104E+00 3 .464E-01 2 .451E+00 8 .444E+00 7 .185£-02 0 .0
20 .0000 2 .134E+00 4 .042£-01 2 .539E+00 9 .446E+00 8 .167E-02 0 .0








1 .006E-01 0 .0
1 .186£-01 7 .636£-0330 .0000
35 .0000 2 .257E+00 7 .630E-01 3 .020E+00 1 .485E+01 1 .357£-01 5 .984E-02
40 .0000 2 .282E+00 8 .855£-01 3 .167E+00 1 .646E+01
1 .801E+01
1 .520£-01 1 .378E-01







3 .452E+00 1 .948E+01 1 .825£-01 3 .192£-01
55 .0000 2 .334E+00 1 .258E+00 3 .592E+00 2 .090E+012 .227E+01
1 .968£-01 4 .120E-01







4 .006E+00 2 .486E+01 2 .361£-01 6 .762E-01
80 .0000 2 .387E+00 1 .892E+00 4 .279E+00 2 .727E+01 2 .598£-01 8 .365E-012 .818E-01 9 .842£-0190 .0000 2 .403E+00 2 .148E+00 4 .551E+00 2 .954E+01
8Teflon
[ZCE 331]
ENERGY STOPPING POWER CSDA RADIATION DENS .EFF .
MeV
COLLISION









0 .0100 1 .843E+01 4 .211E-03 1 .843E+01 3 .105£-04 1 .249£-04 0 .00 .0125 1 .553E+01 4 .247£-03 1 .554E+Oi 4 .589£-04 1 .502E-04 0 .0
0 .0150 1 .351E+01 4 .271£-03 1 .351E+01 6 .320£-04 1 .743£-04' 0 .0
0 .0175 1_Z00E+01 4 .287£-03 1 .201E+01 8 .287E-04 1 .975E-04 0 .0
0 .0200 1 .084E+01 4 .300E-03 1 .084E+01 1 .048£-03 2 .19.9E-04 0 .00 .0250 9 .141E+00 4 .316£-03 9 .146E+00 1 .553£-03 2 .629E-04 0 .00 .0300 7 .965E+00 4 .329£-03 7 .970E+00 2 .140£-03 3 .037£-04 0 .00 .0350 7 .098E+00 4 .341£-03 7 .102E+00 2 .806£-03 3 .428E-04 0 .0
0 .0400 6 .430E+00 4 .353£-03 6 .435E+00 3 .547£-03 3 .805E-04 0 .00 .0450 5 .900E+00 4 .366£-03 5 .904E+00 4 .359E-03 4 .169E-04 0 .00 .0500 5 .468E+00 4 .380£-03 5 .472E+00 5 .239E-03 4 .522E-04 0 .00 .0550 5 .109E+00 4 .395£-03 5 .113E+00 6 .185E-03 4 .865E-04 0 .00 .0600 4 .806E+00 4 .410£-03 4 .810E+00 7 .194E-03 5 .200E-04 0 .0
0 .0700 4 .321E+00 4 .444£-03 4 .325E+00 9 .391£-03 5 .847E-04 0 .0
0 .0800 3 .951E+00 4 .483E-03 3 .955E+00 1 .181£-02- 6 .467E-04 0 .0
0 .0900 3 .658E+00 4 .525E-03 3 .663E+00 1 .444£-02 7 .065E-04 . 0 .0
0 .1000 3 .421£+00 4 .571E-03 3 .426E+00 1 .727£-02 7 .643£-04 0 .00 .1250 2 .989E+00 4 .700E-03 2 .994E+00 2 .511£-02 9 .021£-04 0 .00 .1500 2 .697E+00 4 .844E-03 2 .702E+00 3 .392£-02 1 .032£-03 0 .00 .1750 2 .487E+00 5 .000£'-03 2 .492E+00 4 .357E-02 1 .156E-03 0 .00 .2000 2 .330E+00 5 .167E-03 2 .335E+00 5 .395£-02 1 .275£-03 0 .00 .2500 2 .111E+00 5 .530£-03 2 .117E+00 7 .651£-02 1 .503E-03 0 .00 .3000 1 .968E+00 5 .928£-03 1 .974E+00 1 .010E-01 1 .721E-03 0 .00 .3500 1 .869E+00 6 .353E-03 1 .875E+00 1 .271£-01 1 .931£-03 0 .0
0 .4000 1 .797E+00 6 .805£-03 1 .804E+00 1 .543E-01 2 .137£-03 2 :294£-030 .4500 1 .742E+00 7 .279E-03 1 .749E+00 1 .824£-01 2 .341£-03 2 .338£-020 .5000 1 .699E+00 7 .775E-03 1 .707E+00 2 .114£-01 2 .543£-03 4 .753£-020 .5500 1 .665E+00 8 .291£-03 1 .674E+00 2 .410E-01 2 .744£-03 7 .398£-020 .6000 1 .639E+00 8 .823E-03 1 .647E+00 2 .711E-01 2 .945E-03 1 .0.22E-010 .7000 1 .600E+00 9 .937£-03 1 .610E+00 3 .326£-01 3 .347£-03 1 .623E-010 .8000 1 .573E+00 1 .111E-02 1 .585E+00 3 .952E-01 3 .753E-03 2 .253E-010 .9000 1 .555E+00 1 .233E-02 1 .568E+00 4 .587E-01 4 .162E-03 2 .896E-01
1 .0000 1 .543E+00 1 .360E-02 1 .557E+00 5 .227E=01 4 .575£-03 3 .541E-011 .2500 1 .527E+00 1 .697E-02 1 .544E+00 6 .841E-01 5 .631E-03 5 .127£-011 .5000 1 .522E+00 2 .057£-02 1 .542E+00 8 .462E-01 6 .719E-03 6 .637£-011 .7500 1 .522.E+00 2 .437£-02 1 .546E+00 1 .008E+00 7 .837E-03 8 .056£-012 .0000 1 .525E+00 2 .834£-02 1 .553E+00 1 .169E+00 8 .983E-03 9 .382E-012 .5000 1 .535E+00 3 .667E-02 1 .572E+00 1 .490E+00 1.134E-02 1 .178E+003 .0000 1 .546E+00 4 .544£-02 1 .592E+00 1 .806E+00 1 .377E-02 1 .390E+003 .5000 1 .558E+00 5 .456£-02 1 .612E+00 2 .118E+00 1 .676£-02 1 .578E+00
4 .0000 1 .569E+00 6 .399E-02 1 .633E+00 2 .426£+00 1 .879£-02 1 .748E+004 .5000 1 .579E+00 7 .367E-02 1 .653E+00 2 .+730£+00 2 .136E-02 1 .902E+005 .0000 1 .589E+00 8 .357E-.02 1 .672E+00 3 .031E+00 2 .395E-02 2 .043E+005 .5000 1 .598E+00 9 .367E-02 1 .692E+00 3 .328E+00 2 .656E-02 2 .173E+006 .0000 1 .606E+00 1 .040E-01 1 .710E+00 3 .622E+00 2 .919E-02 2 .294E+007 .0000 1 .621E+00 1 .250£-01 1 .746E+00 4 .201E+00 3 .447£-02 2 .512E+008 .0000 1 .635E+00 1 .466E-01 1 .781E+00 4 .768E+00 3 .978£-02 2 .706E+009 .0000 1 .646E+00 1 .686£-01 1 .815E+00 5 .324E+CO 4 .509E-02 2 .880E+00
10 .0000 1 .657E+00 1 .910£-01 1 .848E+00 5 .873E+00 5 .040£-02 3 .039E+0012 .5000 1 .579E+00 2 .4E3E-01 1 .927E+00 7 .194E+00 6 .355£-02 3 .385E+0015 .0000 1 .697E+00 3 .071£-01 2 .004E+00 8 .466E+00 7 .64SE-02 3 .677E+007 .5000 1 .712E+00 3 .672£-01 2 .079E+00 9 .691E+00- 8 .913E-02 3 .930E+0020 .0000 1 .724E+00 4 .281£-01 2 .152E+00 1 .087E+01 1 .015£-01 4 .155E+0025 .0000 1 .745E+00 5 .521E-01 2 .297E+00 1 .312E+01 1 .252E-01 4 .541E+0030 .0000 1 .761E+00 6 .781E-01 2 .439E+00 1 .523E+01 1 .476E-01 4 .866E+0035 .0000 1 .774E+00 8 .056E-01 2 .579E+00 1 .723E+Oi 1 .687E-01 5 .146E+00





tD tr) d' . t`
	
to O to q l..^ O t` in el" C) O ~' u')O M N tD to [~ C) --1 N N N " C O LO N O O t\ tD tor~ d- K: N N N N M . Cn en cn . CM M N N N N " " -"O O C O O O O O O O O'O C O O O "O O O C O
O O C O O O O O O O O O C O O O O O O C O
"-, "" O d- tD to d- r~ to O tD q q CY O t` t\ M M C) OO M cV to to t\ C) - CV N N --~ (= = to N O Q) O O tD~ d" t'n N N N tV M en M M M M N N N N r" -+O O O O O O O O O O O O C. O O O O (D O C O
O O :. O O C O O O O C O C O O O O O O C O
O tD O m O C) N n C d- C C)t- ed- M C7 to O to to O t~ O) t- 00 C M O 11, el-%D N O O t\ to M --4 O O) O t` LO. to eM M en M N CV CVCV CV N ^+ -+ --~ --. --~ O O O C O O O O O O C O
(D O O O O O O O O O O O C O O O O O O O O
O r N tr) .-, O to t~ eF- O LO O O) M O t- O t~ C)O) M 00 O O '-+ --, -- ... O C t~ d- -- O .O t. to tr)O tD C) M M M M Cn M M 'M M N N N N CV " " r+
. . M '" O O O O O O O O O O O O O O O O O O O
O O O O O O O O O O O O O O O O O O O O O
O n [- to .-+ O to n to r r N N '44 M O. . . ._ehO).M : . CO .O_O__--1_ .~_ .-,._"_O_N_. . . .0_O U:J" O) to Cn M M M M M M M LY CY N N C-4M - O O O O. 'O O. O O O O O O O O O O O O O
000O .0OOO oo .oo Oooo 000o o
N .-+ to M -~ O en d' CY N to to n d" n O M C) .r~ 'd- NN C) to eM n O 00 Ln M O C) CO r- to to eH M M N N N NM M t- C) In M CY N O O O O O O O O O O O O
O tD C*f O O (DO O 0=0= O O O O O O O O O O O O O
t" O O N tD t- t- C) co O C) rr C) N O t~- tD ' .+ O tD t-N O t\ -.4 N O 47 r CA rr N M N N O O to LV O O 00 tD CM N N CV N M M M M M M CV Cwt N C4 . - -i +°t\ CV to --t O O O O O O O O O O O O O O O O O O O O O
eM --~ O O O O O, O O O O O O O O O O O O O O O O .O , O
t ,%O O CY tD t_ n C) CO O (M --. '." e!+ 04 C) C) to to O NCV C) f -'+ CV to . to n C) . - N M CV N ." CO O N O O O n tDC) CO -"y d" tD er to N CY N N M M M M M M N CV N N +-+ - - -"t~ CV u) -4 ' O O O O O O O O O O O O O O O O O O O O-	O
d, r+ O O O O O O O O O O O O O O O O 0 0 O O O O (D
tD "%I- to Ln en to CD en I- en C14O ., !\ to to u) "-~ --. t\ C) to tD O q O t~ Q) C d+ O ~ -.41 CV--'~ O n n O GY O O n to M . .-+ O C) O r- r, to d- M M M N CV NN tD t~ M CV CV N O O O O O O. O O O O O
O O O O O O O O O O O O O O O O O O (D O O O O




d " O m t-M LO O CON N ^1 CVO O C O
O O O O
to to to CC) C) O C)N N N NO O O O





d" d- tot1) M ON N NO O O
C O O
Lo d- eW N00 t- to u)
O O O C
O O O C
tod-."O
O
O tD to et' O O fl- to t- to C) C lO tD t- C) O O I-tD O C d- M to 111) O C) O C) = = to V) O O t` tD tr) sr)tD d- M N N N CV N N N N N C%t N N N -- '." ^-O O C O C C C O O O O O O O O O . O O O C O
O O C C r. O .. . O O O O O O C O O O O O C O
d- 00 d, t' to t` .d- O CO tD N M M00 tD t~ tl% tt) tD d' t- to tD O O M -. -d" to O r an CV Od- O Cr cD U') M ^t O C) 00 00 t- tD U1 d, M M N CV CV NCV N - - O O O C O O O O O O O C O
C O C :r C O .^ C C O C C C3 C C C C C C C C
d- to '1.^ ^^ CC o C IN C') d- to n s) C
O O C v^ C C r. O C O O C -: -- N M d- to to OC
Q
C n N M LnO M to -+
u d" - O O
_vND
Q M eh94
_ N M u')"0 O M u) -.~
~-r d- - O O
V
O LO
O d, C) t`M ID t- M
-"+ O O





_. .. . . ~ OC4-
RS N O er t-
6-4 a C)tnNO
4 --" tS0w n -~ d'v tD N to --i
O O
4 CO
w --. t~ -- d+tD N tr) --+
ef- -" O O
O OC-w d' tD to MO to t` M
Lo - C C
M-, N Mo d o 0
O O O O..i
